A comparison between two reanalysis datasets (the NCEP-NCAR and ERA-40 reanalyses) is conducted over East Eurasia. The summer sea level pressure (SLP) from these datasets are specifically compared in the two periods from 1960 to 1979, and 1980 to 1999 in order to examine the long-term homogeneity and reliability of these datasets. The SLP of the NCEP-NCAR over Mongolia and its vicinity exhibits an obvious increase between the two periods, but it is not recognized in the ERA-40. This discrepancy is mainly due to sudden increases in the SLP around Mongolia in the mid-1960s and mid-1970s in the NCEP-NCAR, which are not recognized in the ERA-40. Other observational datasets used in this study show similar variations to those appeared in the ERA-40. It is likely that the sudden increases in SLP observed in the NCEP-NCAR before the 1970s are spurious, and this result implies that the NCEP-NCAR reanalysis over Mongolia and its vicinity before the 1970s does not reproduce the actual surface conditions. The ERA-40 may also have some problems such as the lower SLP than that of the observational data before the 1980s, but the difference is, in general, less than 3 hPa and this value is smaller than that recognized between the NCEP-NCAR and the observational data before the mid1970s. Therefore, it seems that the ERA-40 is more accurate, and is more appropriate to use than the NCEP-NCAR, for the moment, in investigations of the interdecadal climate change in the late 1970s over East Eurasia. However, care must also be taken into the above-mentioned problems.
Introduction
Recently, there have been many studies on decadal-to interdecadal-scale climate changes. Many researchers have pointed out that there was a sudden interdecadal climate shift over the North Pacific in the late 1970s (e.g., Nitta and Yamada 1989; Trenberth 1990; Minobe 1997; Yasunaka and Hanawa 2002) . This is called a climate regime shift, or the Pacific Decadal Oscillation (PDO).
Since the late 1990s, the National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) has made available a long-term reanalysis dataset. This dataset can be used to investigate the change of the upper-air and the vertical structure of circulation accompanied with the regime shift (e.g., Chang et al. 2000a and b; Wu and Wang 2002; Ho et al. 2003) . Therefore, evaluating homogeneity and reliability of this reanalysis, and finding out the 'spurious' results in this dataset becomes important. One of the most well known spurious changes is rec-ognized in the NCEP-NCAR reanalysis data (hereafter denoted as the NCEP-NCAR) in 1978/79 (Kistler et al. 2001) . Sturaro (2003) considered that the 1978/79 temperature discontinuities observed in the NCEP-NCAR were mainly due to the introduction of satellite data. Since the years in which these changes occur are close to those of the Pacific regime shift in the late 1970s, these biases make it difficult to examine the regime shifts by relying on the NCEP-NCAR.
Kistler posted a problem of sea level pressure (SLP) found in the NCEP-NCAR during 1948-67 on his web site (http://wwwt.emc.ncep.noaa. gov/gmb/bkistler/psfc/psfc.html). This problem originated in the erroneous conversion of one dataset into another, and is called 'psfc problem' (P sfc : surface pressure). Kistler pointed out that part of the observed surface pressure data was originally stored using 3 significant digits (xx.x), and in a conversion stage in the NCEP-NCAR reanalysis, the SLP values below 1000 hPa were mistakenly recognized as 100 hPa larger values, and were rejected for being unphysically high. Yang et al. (2002) noted the seriousness of this problem over the eastern part of Eurasia. They compared the monthly SLP data from the NCEP-NCAR with that from Trenberth's Northern Hemisphere data (Trenberth and Paolino 1980) , and discovered that the NCEP-NCAR recognized an unusually strong annual cycle of SLP (very high SLP in winter and very low SLP in summer) over southeastern Russia, Mongolia, and northern China before 1967. Kawamura et al. (1999) , Annamalai et al. (1999) , and many other researchers compared the variables used in the NCEP-NCAR, and the 15-year Reanalysis (ERA-15) from the European Centre for Medium-Range Weather Forecasts (ECMWF). They all discovered differences and problems in these two reanalyses. However, since the reanalyzing period of the ERA-15 is short , comparisons between the NCEP-NCAR and ERA-15 for the periods prior to the 1970s were impossible. The ECMWF released its 40-year (and more) Reanalysis (ERA-40) in July 2003, and this enables us to compare the NCEP-NCAR and ERA-40 for the periods before the 1970s.
In the present study, we compare the mean value of the SLP from June to August (JJA) over East Eurasia between the NCEP-NCAR and ERA-40 from the viewpoint of interdecadal change (i.e., an inter-comparison between 1960-79 and 1980-99) . Then we evaluate the reliability of two reanalysis datasets, by comparing them with other commonly used observation-based datasets. This paper is organized as follows: Section 2 describes the data used in the comparison; Section 3 describes a comparison of the interdecadal changes in the reanalyses and some other observational data; Section 4 is a brief summary and discussion.
Data
Two reanalysis datasets (the NCEP-NCAR and ERA-40), a grid SLP dataset based on observations, and a station surface pressure dataset obtained from 8 stations in Mongolia were utilized. The main focus area in this study is the eastern part of the Eurasian Continent (20 -80 N, 60 -180 E) . The NCEP-NCAR is a global atmospheric reanalysis from 1948, with an unchanged data assimilation system. A detailed description of this dataset is given by Kalnay et al. (1996) . The model used here is run with T62 spectral resolution (equivalent to a horizontal resolution of about 210 km) and 28 vertical levels. The data assimilation method is the three dimensional variational analysis (3D-Var). Although the assimilation system is maintained constant, the observing system has evolved substantially (for detailed description of the assimilated observational data and their changes, see Kalnay et al. 1996 and Kistler et al. 2001) . The variables are the averages of instantaneous values at 4 reference times (00, 06, 12, and 18 UTC), available from the NOAA-CIRES Climate Diagnostics Center (CDC) web site (http://www. cdc.noaa.gov/index.html), with grid intervals of 2.5 latitude by 2.5 longitude. In the present study, the monthly mean SLP from ''CDC derived NCEP reanalysis products surface level'' are used, and the JJA mean SLP is calculated.
The ERA-40 covers a period from September 1957 to August 2002, overlapping the earlier ERA-15. A detailed description of this dataset is given in the ''ERA-40 Project Report Series,'' such as Uppala (2002) , and on the ERA-40 at the ECMWF web site (http://www.ecmwf.int/ research/era/). The model is run with T159 spectral resolution (equivalent to a horizontal resolution of about 125 km) and 60 vertical levels, and its spatial resolution is higher than that of the ERA-15 and NCEP-NCAR. The data assimilation method is the 3D-Var, which is the same as that of the NCEP-NCAR. The observational data assimilated in this reanalysis and their starting years are described on the ''ERA-40 Archive Plan'' at the ECMWF web site (http://www.ecmwf.int/research/era/Products/ Archive_Plan/index.html). The variables are obtained as instantaneous values at 4 reference times (00, 06, 12, and 18 UTC), available from the data server of the ECMWF web site (http:// data.ecmwf.int/data/d/era40_daily/), with grid intervals of 2.5 latitude by 2.5 longitude. In this study, the JJA mean SLP is calculated from the instantaneous 4-time daily SLP data.
To evaluate the reliability of these two reanalyses, we used the monthly mean SLP grid data based on observations, which was created by the Climatic Research Unit of the University of East Anglia (CRU-UEA). These data are available from their web site (http://www.cru. uea.ac.uk/cru/data/pressure.htm). This dataset has a grid of 5 latitude by 10 longitude, and covers the northward region of 15 N for the period of 1873-2000. The sources of the original chart data are given by Jones (1987) . In this study, JJA mean SLP is calculated for the period 1948-2000.
Also utilized in this study are the monthly mean surface pressure data of 8 stations in Mongolia. These data are held by the Surface Network (GSN) of GCOS (Global Climate Observing System). The 8 stations used are listed in Table 1 . The GSN data of these stations covers the period of 1961 to 1998, and are available from the National Climatic Data Center web site (http://www.ncdc.noaa.gov/oa/ climate/climatedata.html). In this study, the JJA mean surface pressure anomalies from the 38-year average are calculated. The general characteristics, such as a highpressure area over the northern Pacific and a low-pressure area over Eurasia, are common in both periods, although the ridge extending northwestward from the north Pacific high to the Sea of Okhotsk in the second period is stronger than that in the first. The most outstanding difference between these two periods is a SLP increase over a region centered at Mongolia (45 N, 102.5 E), and extending from the Sea of Okhotsk to southern China and Central Asia. In 1960-79, there is an area having a SLP below 1000 hPa over Mongolia and northern China. In 1980-99, one of the lowest SLP areas also exists there, but the pressure value is above 1004 hPa. The distribution of the SLP difference between these two periods ( Fig. 1c) clearly shows a significant SLP increase over the vast area of the Eurasian Continent, and the maximum value of the SLP increase between the two periods attains as much as 7 hPa. Figure 2 shows the distribution of SLP in JJA during the two respective periods, and the difference between them based on the ERA-40. Again, large-scale features are common in both periods. The strengthening of the ridge extending northwestward from the north Pacific high to the Sea of Okhotsk is also seen in this reanalysis. The major difference between the NCEP-NCAR and ERA-40 is the low SLP area over Mongolia and its vicinity in 1960-79. The low-pressure center in Mongolia (45 N, 102.5 E), which is recognized in the NCEP-NCAR for the period 1960-79, is not recognized in the ERA-40. The distribution of the SLP difference between these two periods, based on the ERA-40 ( Fig. 2c) , is also apparently different from that based on the NCEP-NCAR. The SLP difference over Mongolia and around Lake Baikal exhibits a considerable decrease in the ERA-40, while it shows an increase in the NCEP-NCAR (Fig.  1c) . The region in which a noticeable SLP increase is observed in the NCEP-NCAR is separated into several areas in the ERA-40. The largest area is located in the southward of 40 -45 N over the continent, and the second largest one is over the Sea of Okhotsk, which is already mentioned as the strengthening of the ridge from the north Pacific high. This indicates a recent strengthening of the Okhotsk high during the summer.
Comparison
To see which reanalysis of the NCEP-NCAR and ERA-40 can reproduce more realistic SLP changes, the CRU-UEA grid dataset is used to compare the above two reanalysis datasets. Figure 3 illustrates the SLP distribution values of the CRU-UEA. It should be noted that the grid intervals in the CRU-UEA are longer than those in the NCEP-NCAR and ERA-40. Also in this dataset, the north Pacific high and a low-pressure area over the Tibetan Plateau are common features in the two periods. The strengthening of the ridge extending from the north Pacific high to the Sea of Okhotsk is also observed, and these are clear in the distribution of the SLP difference (Fig. 3c) . Except for the difference around the Tibetan Plateau, the distribution of the SLP difference between the two periods in the CRU-UEA is mainly consistent with that in the ERA-40. For example, the SLP around Mongolia exhibits a significant decrease in the CRU-UEA, which is similar to the situation in the ERA-40, but opposite to that observed in the NCEP-NCAR. This comparison result indicates that the SLP around Mongolia recognized in the NCEP-NCAR may have some problems. However, the SLP distribution in the ERA-40 is not completely consistent with that in the CRU-UEA. Especially, the SLP over eastern China and Pakistan exhibit a significant increase in the ERA-40 (Fig. 2c) , while it is not significant in the CRU-UEA (Fig.  3c) . This may indicate that the ERA-40 also has some problems, though the difference value is less than that observed in the comparisons between the NCEP-NCAR and CRU-UEA. Figure 4 compares the interannual variations of the JJA-mean SLP of the NCEP-NCAR, ERA-40, and CRU-UEA averaged over the area (40 -60 N, 90 -120 E) , where the large SLP difference is observed between the datasets. The NCEP-NCAR SLP time series experiences two obvious increases. One is as much as 8 hPa in the mid-1960s, and the other is seen in the mid-1970s at about 3 hPa. These drastic increases are not observed in either the ERA-40 or the CRU-UEA. On the other hand, the areaaveraged SLP time series in both the ERA-40 and CRU-UEA exhibit slightly decreasing trends before 1987, although the absolute SLP values of the CRU-UEA are higher than those in the ERA-40 by 1-2 hPa. The ERA-40 shows no trend over all of the years, because the area includes both the area with a decreasing trend (north of 45 N), and the increasing trend (south of 45 N). After 1988, these three datasets show almost the same patterns of variations.
Interannual variation of the JJA-mean surface pressure anomalies of the 8-station average in Mongolia (listed in Table 1 ) is also given in Fig. 4 . The 8-station average shows a decreasing trend during 1961-1998 and/or a stepwise decrease around 1980. Results based on the observation datasets support the reliability of long-term SLP variations of ERA-40, and are disadvantageous evidence for the relative credibility of the NCEP-NCAR.
Time series in Fig. 4 can be separated into four periods (before 1967, 1968-76, 1977-87, and after 1988) , considering the values of differences among the datasets. Table 2 lists the area-mean (40 -60 N, 90 -120 E) JJA SLP averaged for the four respective periods in the NCEP-NCAR, ERA-40 and CRU-UEA. Before 1976, the SLP in the NCEP-NCAR is much lower than those in the other two. For the period from 1977 to 1987, the SLP in the ERA-40 becomes the lowest, which may indicate a problem in the ERA-40.
Summary and discussion
A comparison of the summer sea level pressure (SLP) between two reanalysis datasets (the NCEP-NCAR reanalysis and ERA-40) is conducted in two periods (1960-79 and 1980-99) . The purpose of this comparison is to examine the long-term homogeneity and reliability of these datasets. The SLP of the NCEP-NCAR over Mongolia and its vicinity exhibits an obvious increase between the two periods, but it is not recognized in the ERA-40. This discrepancy is mainly due to sudden increases in the SLP around Mongolia in the mid-1960s and mid-1970s in the NCEP-NCAR, which are not recognized in the ERA-40. Other observational datasets used in this study show similar variations to those obtained in the ERA-40. It is likely that the sudden increases in SLP observed in the NCEP-NCAR before the 1970s are spurious. This result implies that the NCEP-NCAR reanalysis over Mongolia and its vicinity before the 1970s does not reproduce the actual surface conditions.
One possible reason for the summer SLP increase around Mongolia in the mid-1960s is the 'psfc problem', as pointed out by Kistler, and Yang et al. (2002) . According to Yang et al. (2002) , the JJA SLP difference in the NCEP-NCAR between 1949-67 and 1968-2000 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 (Trenberth and Paolino 1980) of only over the Himalayas. However, the psfc problem is only due to the improper rejection of SLP data below 1000 hPa. It seems that the problem cannot be used to explain why there are such unusually small SLP in summer before the 1960s. Even in the early to middle 1970s, the areaaveraged SLP around Mongolia in the NCEP-NCAR is still lower than those of the ERA-40 and CRU-UEA. The SLP in the NCEP-NCAR has another increase in the late 1970s, which is not seen in the other two datasets. This tendency is also demonstrated in Fig. A1 of Yang et al. (2002) . Kistler claimed on his web site that the psfc problem does not exist in the NCEP-NCAR after 1968, and the change observed in 1976/77 (Fig. 4) is 2 years earlier than the discontinuity in 1978/79 due to the introduction of satellite data (Kistler et al. 2001; Sturaro 2003) . Therefore, explanations for this discrepancy between the NCEP-NCAR and other datasets for the period 1968-76 are needed. To further clarify the reasons for the discrepancy is beyond the scope of the present study.
The differences between the two reanalysis datasets observed in this study are important for the studies on interdecadal climate changes in East Asia. Ho et al. (2003) pointed out that the long-term change of the rainfall properties in Korea was found in the late 1970s. They pointed out that the domain-mean (30 -50 N, 60 -120 E) geopotential height at 700 hPa in the NCEP-NCAR for the summer (JJA) had a sudden increase, and associated the changes of rainfall properties in Korea with the increase in geopotential height over central Eurasia.
Considering the results obtained in this study, however, the interdecadal change of the geopotential height in their study is questionable. In particular, the geographical distribution of the difference of the summer 700 hPa geopotential height (1978-2001 minus 1954-77) , displayed in their Fig. 5b , is similar to Fig. 1c in this study. The domain-mean interannual variations in their Fig. 4b is also similar to that of the NCEP-NCAR in Fig. 4 in this study, even though the periods and the variables are slightly different. This suggests that the bias in the NCEP-NCAR found in this study can be seen not only in the SLP but also in upperair variables. In fact, the differences of some variables (850 hPa geopotential height, wind, temperature, and specific humidity) between the two periods (1980-99 minus 1960-79) in the NCEP-NCAR show systematic bias-like geographical patterns over eastern China and its vicinity (figures not shown).
The spurious variations in the NCEP-NCAR may set limits to the use of this dataset in researches on interdecadal climate changes. The ERA-40 also has some problems such as the lower SLP than that of the observational data before the 1980s, but the difference is, in general, less than 3 hPa. This value is smaller than that obtained in the comparisons between the NCEP-NCAR and the observational data before the 1970s. Therefore, it seems that the ERA-40 is more accurate, and is more appropriate to use than NCEP-NCAR, for the moment, in investigations of the interdecadal climate change in the late 1970s over East Eurasia and its vicinity. However, care must also be taken into the above-mentioned problems. Since this result is obtained from a comparison of SLP data only, further systematic comparisons among the NCEP-NCAR, ERA-40 and other datasets, for other variables and upper-air layers are needed. Comparisons in other seasons are also important. At any rate, it is sure that careful attention must be paid to their quality and reliability of the reanalysis datasets, in case of examining interdecadal climate changes.
